Abstract-The study has utilized chickpea and okara composite flours and produced best formulation based on sensory and physicochemical characteristics. Formulation of F3 which comprised of 75% of wheat flour, 12.5% of chickpea flour and 12.5% of okara flour was selected as the best formulation. The qualities of best formulation and control were compared through proximate analysis, dietary fiber, energy content and cooking qualities. F3 was better than control in terms of significantly higher ash, crude protein, crude fiber contents and significantly lower crude fat, carbohydrates and energy contents, and it also rich in dietary fiber (10.05g/100g). Furthermore, F3 has significantly higher cooking yield, longer optimal cooking time, lower rehydration rate and higher cooking loss. The storage quality of the best formulation's accelerated shelf life study for eight months was evaluated via water activity test, physicochemical tests, microbiological and sensory tests. The increased in water activity and decreased in pH value, reduced brightness, increased redness and yellowness of noodles, reduced tensile strength and changes in the textural properties. Nonetheless, the noodles were still safe to be consumed and accepted by the panellists. To conclude, the incorporation of chickpea and okara flours into the instant noodles boosts the nutrient contents but results in poorer textural properties. Further study regarding the alternatives to improve the textural properties of the noodles would be worthwhile.
I. INTRODUCTION
Noodles are one of the staple foods consumed mainly in Asian countries (EUROMONITOR, 2015) . The noodles are made up of dough consisting flour particularly wheat flour, water, common salt, or a mixture of alkaline salts with other raw materials like eggs, additives, and spices. There are numerous factors contribute to the popularity of the instant noodles worldwide which are taste, convenience, long shelf life as well as the reasonable prices. The consumption of instant noodles in more than 80 countries and are internationally recognized food. The consumption of the instant noodles experienced a drastic increase worldwide recently. The sales of instant noodles was 109,390,00 tonnes in 2015 from 105,140,00 tonnes in 2014 (Euromonitor, 2015) . In addition, according to World Instant Noodle Association (WINA) (2015), Malaysia ranked 13 th place in the global demand for the instant noodles. Furthermore, the forecast sales of instant noodles are estimated to be 113,590,00 tonnes in the year of 2016 and up to 129,650,00 tonnes in 2020 (Euromonitor, 2015) .
The current instant noodles in the market are primarily comprised of wheat flour which has moderately low nutritional values. Based on a survey by Bread Research Institute of Australia, fried instant noodles consists of 21.1% of fat, 9.5% of protein, 6.6% of moisture, and 1.7% of ash. The instant noodles available contain insufficient dietary fibre due to the wheat flour as the major ingredient which is low in fibre (Onyema et al., 2014) . Moreover, the incomplete protein profile in instant noodle is one of the problems arose as the wheat flour one of the cereal products that are nutritionally incomplete because of the deficiency in a few of essential amino acids (EAAs). Generally, lysine, tryptophan, and threonine are the essential amino acids present in very low level in cereals. Therefore, lysine, tryptophan, and threonine are said to be the limiting amino acid in wheat (Šramkova et al., 2009 ). On the contrary, wheat contains higher level of sulphur-containing amino acid like methionine and cysteine.
The replacement or the substitution of wheat flour in the instant noodles with other types of flour is getting more crucial as the addition of other types of flour into wheatbased products can helps in enhancing the quality of the product particularly in terms of nutritional aspect. Legume flour can be a good source of flour replacing or combining with the wheat flour as it provides sufficient proteins, complex carbohydrates, and some water-soluble vitamins and minerals (Sreerama et al., 2012) . Chickpea (Cicer arietinum L.) is one of the most extensively consumed pulses worldwide especially in tropical and subtropical areas. Chickpea is regarded as one of the excellent sources of protein for consumption. The primary use of chickpea is for salad bars and blends with rice dishes in some countries like India. Chickpea and its flour or also known as garbanzo flour or besan are multipurpose due to its ideal cell wall polysaccharide composition, versatile flour functionality and relatively high content of oil. Apart from that, chickpea is foreseen to be the quick riser in the alternative and wheatfree flours for 2016 as more people opt for gluten-free flours made from legumes and nuts (Global Food Forums, 2015) . To date, a number of studies have reported the utilization of chickpea flour to the baked products, cereal products and others (Noorfarahzilah et al., 2014) .
In addition, as many as 14 million tonnes of okara generated annually worldwide particularly in Asian countries such as China, Japan, and Korea (Perez- Lopez et al., 2016) . Despite the large amount of okara generated, it is seldom utilized by the industry due to the high water content (80-85g/100g) and results in rapid deterioration of fresh okara (Park et al., 2015) . Several studies have incorporated okara into food products to fortify the products with nutritious components to improve the textural properties as well as to extend the uses of okara. For instance, okara can be added directly to food for tempeh production (Jankowiak et al., 2014) . Unfortunately, the acceptance of okara as a food product is limited due to the beany flavour exists in the product especially with the addition of fresh okara. Hence, usually most okara will eventually end up as animal feed or even waste (Jankowiak et al., 2014) .
Okara as one of the fibre-rich by-product from the extraction of soymilk to produce mainly of soya drink and the tofu processing consisted of good water holding and emulsifying properties (Park et al., 2015) . Okara is the insoluble part of the soybean after hot water extraction and contains predominantly fibres, protein, and fat (Jankowiak et al., 2014) . There is 1.2 kg of fresh okara produced from 1kg of soybean seed in tofu making. The health benefits of okara include high dietary fibre content with more insoluble dietary fibre, considerable protein content, fat, ash, isoflavones, and soybean oligosaccharides for instance stachyose and raffinose. In addition, okara is an ingredient that contributes to the regulation of metabolic disorders related to obesity, reduction of cancer risk, prebiotic, lipid metabolism, and so on (Perez-Lopez et al., 2016). In this study, the wheat flour was substituted by the proportions of chickpea and okara, and evaluated it effect on the organoleptic, physicochemical, cooking quality, nutritional, and storage quality of the noodles made therefrom.
II. METHODS

A. Preparation of Chickpea and Okara Flours
The chickpea bought from the local market in Kota Kinabalu, Sabah, Malaysia. The samples were grinded a few times using grinder to form chickpea flour. The chickpea and wheat flours were sieved with electronic sieve of 30 mesh. On the other hand, the okara obtained from the production of soymilk and soaked with water in the ratio of soybean and water of 1:8 for two hours. The soaked soybean was blended and put in a cotton bag to squeeze out the soymilk. The okara produced were then flattened on tray and dried in an oven at the temperature of 55 + 5 overnight, grinded using grinder and sieved through 30 mesh sieve to produce okara flour and stored in the air-tight container (Porwal et al., 2014; Lu et al., 2013) .
B. Production of Instant Noodles
The processing steps of the instant noodles in laboratory scale were modified the methods from Karim and Muhammad (2015) and Gulia et al. (2014) . Whereas the ingredients used based on Porwal et al. (2014) and Lu et al. (2013) where wheat flour, chickpea flour, okara flour were weighed in range of 25 -100%, 0 -50%, 0 -50% respectively and potato starch, salt and water were added in constant percentage at 10%, 1.6% and 52%. All the flour ingredients were put into the mixer meanwhile the salt was pre-dissolved into the cold water and the salt solution was added gradually to the flours during mixing at slow speed in the mixer. Mixing was taken about one minute before scraping down the bowl and beater. After that, further mixing continued at high speed for around four minutes and stopped for two minutes at interval to scrap the bowl and beater. The dough formed was then covered by damp cloth and put in the container and rested for 15 minutes.
After resting, the flattened of the dough by the rolling pin with the plastic on the bottom of the dough to avoid the dough sticking on the surface of cutting board. The flattening of dough formed a dough sheet and passed through the rolls in the pasta machine to obtain uniform and desirable thickness. The sheets were passed through each roll with the roll gap of five, four and three, folded once, compounded and passed through the rolls again. After sheeting, the dough sheet was cut into the noodle strands with the slitter in the pasta machine.
The noodles strands were separated into smaller portion and scattered to avoid the strands from sticking together during steaming. Subsequently, the small portions of noodles were put into the electronic steaming machine and cooked the noodles by exposing the noodles to temperature of 100 for three minutes. The steamed instant noodles were cooled under room temperature.The noodles were put into the frying basket and immersed in the oil with the temperature of 140-150 in the electric fryer for two minute for the purpose of deep frying. After the deep-frying process, the fried instant noodles were cooled to room temperature and packed in PP plastic to be stored in the airtight containers.
C. Sensory Evaluation for Chickpea and Okara Composite
Flours Instant Noodles Balanced Incomplete Block (BIB) test was carried out with 54 panellists from the students of Faculty of Food Science and Nutrition, Universiti Malaysia Sabah (FSMP, UMS) involved in the test as to screening test to select several samples with high ranks and proceed to the hedonic test to obtain the best formulation. Five samples were distributed to each panellist and the panellists ranked the samples from one to five with one as the first ranked sample and five as the sample with the fifth rank. Higher ranks samples in BIB test which possessed no significant difference between each other were selected to hedonic test to find out the best formulation. The hedonic test adopted was five-point Likert scale. The attributes to be evaluated by the participants during the hedonic test were colour, aroma, taste, texture and overall acceptance. There were 40 semitrained panellists from the Faculty of Food Science and Nutrition, University of Malaysia Sabah participated in the hedonic test to select the best formulation in terms of sensory properties and a questionnaire was given to the panellists.
D. Physicochemical Tests for Chickpea and Okara Composite Flours Instant Noodles
The candidates for the hedonic test were evaluated in terms of physicochemical properties like pH, colour profile, tensile strength and Texture Profile Analysis (TPA) to select the best formulation from objective test. For pH test, five grams of the noodles were transferred into 20 ml of distilled water. After that, the boiling of the samples was carried out for 10 minutes. Next, the pH was determined using a pH meter.
In addition, the colour profile of the instant noodles was determined by using Hunter Lab colour measuring machine which equipped with D65 illuminant with 2 o view angle and slit width of 2 nm. Besides, the tensile strength of the instant noodles was determined using Texture Analyzer (TA.XT. PLUS) which was pre-calibrated using a 5 kg load cell. The settings involved in the tensile strength analysis were mode, measure force in tension, option, return to start, pre-test speed, 1 mm/s, test speed, 3.0 mm/s, post test speed, 10 mm/s with the distance of 100 mm and the data acquisition rate of 200 pps. Firstly, the cooked noodles were placed in the room temperature for 10 minutes and tested by placing one end into the lower ring arm slot and the other to the upper arm. The tensile strength of the instant noodle strands was obtained from the result of Texture Analyzer.
Furthermore, Texture Profile Analysis (TPA) of the instant noodles was determined by Texture Analyser, TAXT2 (TA.XT. PLUS, United Kingdom) and equipped with the Texture Expert Exceed software package. The instrument was fitted with a 35 mm of cylinder probe. The sample was tested exactly after 10 minutes of cooking. Three noodles strands which cooked to optimal cooking time were placed as close to each other as possible and positioned centrally under the probe. Subsequently, the measurements were taken at room temperature using the calibration setting of 5 kg load cell with the return trigger path at 15 mm. The measurement mode settings for the compression (pre-test, test and post-test) was set to a speed of 2.0 mm/sec with the strain at 75% and the trigger type at auto-10 g and the data acquisition rate of 200 pps. The textural properties like hardness, adhesiveness, cohesiveness, springiness and chewiness were calculated using the results obtained from the texture analyzer. The hardness was the peak force of the first compression cycle of the graph obtained. Adhesiveness was the negative area for the first bite, which was defined as the work necessary to pull the compressing plunger away from the sample. On the other hand, cohesiveness was calculated using area positive for second cycle divided by first cycle. The values of springiness were obtained from the positive distance two divided by the positive distance one. Besides, chewiness was the product of hardness, cohesiveness and also the springiness.
E. Cooking Quality Determination of Instant Noodles
The instant noodles of the best formulation and the control instant noodles underwent cooking quality determination and compared the differences. The cooking quality determination methods of instant noodles were modified from Zawawi et al. (2014) , Hou (2010), Park and Baik (2004) . For the determination of optimal cooking time, 5.00 + 0.02 g of the instant noodles were cooked in 300 ml of distilled water. A strand of the noodles was taken out every 10 seconds and place into the ambient temperature water immediately. The strand was squeezed between the two microscope slides. The instant noodles were considered to be fully cooked when the uncooked core cannot be seen in the noodle strands as well as the uniform colour and appearance was observed upon squeezing.
Other than that, for cooking yield determination, 150 ml of distilled water was filled into a beaker and heated to boil by using hotplate. Around 10.00 + 0.02 g of instant noodles were weighed and cooked in the beaker according to optimal cooking time obtained previously and stirred continuously. The beakers were covered by aluminium foil during cooking process to avoid the water evaporation from occurring. After the optimal cooking time, the cooked noodles were separated from the cooking water and cooled for 15 minutes. The cooked instant noodles were weighed and the cooking yield was calculated using equation below:
Cooking yield (%) = x 100
Furthermore, for rehydration determination, the instant noodles were soaked in boiling water within the optimal cooking time obtained previously. After the soaking time was up, the noodles were drained onto the sieve for two minutes without shaking and then weighed. The calculation of the rehydration rate is as in equation shown:
Rehydration rate, % = Moreover, for cooking loss determination, the cooking water from the cooking yield method mentioned above was separated and poured into 250 ml of volumetric flask. Then, the distilled water was poured into the volumetric flask until the mark and shaken to homogenize the cooking water solution. The crucible was weighed beforehand. After that, 10 ml of the solution was pipetted into a dried crucible and left to dry to a constant weight in the oven at 105 . The solid loss during the cooking, cooking loss was calculated by equation depicted below:
Where, a is the weight of crucible + dry cooked water sample b is the weight of crucible c is the noodles moisture content
F. Proximate Analysis of the Instant Noodles
The control and instant noodles of best formulation were prepared and broken into small pieces manually and stored in an airtight container for triplicated proximate analysis. All proximate composition which included the moisture content, ash, crude fat, protein, crude fibre and total carbohydrates were determined according to AOAC (2000) 
G. Total Dietary Fibre and Energy Content Analysis
Total dietary fibre content for the control samples of instant noodles and samples of the best instant noodles formulation were determined by Huang et al. (2013) . The energy content of both the sample of best instant noodles formulation and control sample of instant noodles were determined using the following equation from Barros et al. (2010) .
H. Accelerated Shelf Life Test
The best formulation of the instant noodles underwent the accelerated shelf life study as to estimate the quality of the instant noodles during the accelerated shelf life period. The instant noodle samples were packed in polypropylene plastic sealed and stored in the airtight container to be put in an incubator for eight months at 45 ± 2 .
The determination of the water activity of best formulated instant noodles was conducted by using the water activity meter. Around 2 g of the samples were put in the water activity meter and the results were obtained after five minutes. Besides, physicochemical tests were performed on the best formulated instant noodles during the accelerated shelf life study test. With the physicochemical tests, the quality of the instant noodles was assessed and monitored throughout the period.
The microbiological tests were carried out and the method modification from Ceylan (2006). Potato dextrose agar (PDA) and plate count agar (PDA) were used for the enumeration of bacteria, yeast and mold. Two techniques pour plating and spread plating was used for the enumeration. In addition, paired t-test was used in the sensory evaluation of the instant noodles' storage qualities. The sensory attributes of the instant noodles in terms of taste, colour, texture and others were evaluated with seven scales with one indicated inferior largely to R and seven was superior largely to R and there were 40 panellists participated in the sensory evaluation every month.
I. Statistical Analysis
Statistical Analysis. All th datas obtained proximate analysis, total dietary fibre, physicochemical tests and sensory evaluation tests were analysed using IBM Statistical Package for the Social Sciences (SPSS) Statistics version 21. All datas obtained from the sensory evaluation in the accelerated shelf life study, Kruskal-Wallis and post-hoc test, Mann Whitney were utilized by using variant one way ANOVA and post hoc Tukey test with 95% confidence level which showing significant difference of (p < 0.05) for all the atributes tested.
III. RESULTS AND DISCUSSION
A. Sensory properties of Instant Noodles from Chickpea and Okara Composite Flours
The formulations were divided into three groups based on the significant differences. Control, F1, F3, F4, and F6 possessed no significant difference (p>0.05) between each other with the rank sum of 45, 45, 51, 51, and 66 respectively and categorized in the same group as the rank sum differences did not exceed 21.47 as shown in Table 1 . The same went to F2, F5 and F7, F8, F9 with the value of 87, 96 and 111, 123 and 135 respectively. Control is the formulation that most preferred by the panellists. This may be attributed to the similar characteristic of the control with the commercial instant noodles and therefore, the panellists are more familiar with the formulation in terms of colour, texture and so on.
Furthermore, the replacement of the wheat flour above 50% affected the preference of the panellists markedly as illustrated in the table. The possible explanation may be due to the wheat flour determines the distinctive qualities and characteristics of the commercial instant noodles. The decrease of the percentage of wheat flour for more than 50% may cause the noticeable differences in terms of colour, texture, aroma and taste. Apart from that, it can be observed that formulations with the presence of chickpea flours in the instant noodles received highly favourable ranks. This may be explained by the unique nutty flavour of chickpea and enhances the flavour of the instant noodles. Five formulation namely control, F1, F3, F4, and F6 were brought to hedonic sensory test to select the best formulation in terms of sensory properties due to no significant difference between them. Control, F1, F3, F4 and F6 were chosen for the hedonic sensory test to select the best formulations as they did not possess any significant difference between them. The five formulations mentioned above were evaluated from the organoleptic properties like taste, aroma, colour, texture and overall acceptance. Figure 1 illustrates that the results for hedonic sensory test and each attribute was discussed individually. As for the taste of the instant noodles, there were no significant differences of the mean rank between control (2.95), F1 (3.25), and F4 (3.08) and possessed significant differences between the three formulations mentioned above with F3 (3.90) and F6 (1.82). The results are as above might be due to F3 was the formulation with the combination of three flours in lower amount, and the special compounds present in chickpea and okara which are phenolic compounds contribute to the unique taste of flours Aguilera et al., 2009) . Meanwhile, the possible explanation for lowest mean rank of F6 might be F6 which had higher percentage of chickpea and okara flours caused the astringency and the bitterness attributed to high level of phenolic compounds (Robbins, 2003) . In terms of aroma, significant difference existed between the mean rank of F3 (3.89) and F6 (2.24) with control (2.98), F1 (2.98) and F4 (2.92). The combination of the aroma of three types of flours with lower percentage gained more popularity than that with higher percentage and the possible explanation may be both okara and chickpea possess their own distinctive aroma and therefore enhance the aroma of the plain instant noodles. The lowest mean rank of F6 indicated that the panellists are not able to accept the replacement of wheat flour in instant noodle with too high percentage. These results match those observed in studies by Lu et al. (2013) .
For the colour of the instant noodles, the results in Figure 1 There were significant differences between the mean rank of control instant noodles' texture, F6 and F1, F3 and F4. Control attained the highest mean rank, 4.20 and followed by F1 (3.41), F3 (2.99), F4 (2.80) and F6 (1.60). The highest mean score of texture for control instant noodles was attributed to the elasticity of the noodles due to the formation of gluten network. High protein content of flours not only causes hardness of the noodles to incline but also decrease the surface smoothness of the noodles based on the studies reported by Hou et al. (2013) . In terms of overall acceptance, there were significant differences between control (2.84), F1 (2.95), F4 (2.70) and F3 (4.71) as well as F6 (1.79). From the results presented in Figure 3 .2, it can be observed that the addition of the non-traditional flours like chickpea and okara flour did not adversely affect the acceptability of the instant noodles with F3 gained the highest mean rank compared to control which ranked third in the overall acceptance.
B. Physicochemical Properties of Chickpea and Okara
Composite Flours Instant Noodles There were several physicochemical aspects evaluation for the formulations in hedonic sensory test namely pH, colour profile, tensile strength, and texture profile analysis (TPA). Table 2 shows that the pH values of the five formulations of chickpea and okara composite flour instant noodles. There were significant difference between each sample except for control and F1. Although the wheat flour replacement of F1 and F3 was the same, 25% but there was significant difference between F3 and control as compared to F1. These results are consistent with the data reported by Wickramarathna and Arampath (2003) and increase in the pH of the bakery product with okara flours as compared to the control bakery product. The possible explanation for this might be due to the presence of okara flours in F3. Soybean is rich in phenolic compounds, phenolic acids and flavonoids according to previous studies Lee et al., 2005) . The chickpea also contains high level of phenolic acid but the normal processing procedures like cooking and soaking decreases the total phenolic content of chickpea as compared to soybean. Therefore, the phenolic content of chickpea flour will be less than okara flour after the steaming and frying of noodles (Duenas et al., 2012) . Table 3 The results of the tensile strength of the five formulations were summarized in the Table 4 . There were significant difference between the tensile strength of each formulations. The possibility of the decreasing trend in tensile strength going down the column is due to the diluting effect of the gluten protein in the wheat flour as a result of partial substitution with the chickpea and okara flour. reported that gluten occupies 80% of the total protein in wheat flour. The strength of the dough made up of wheat flour depends on the gliadins and glutenins. Thus, the replacement of the wheat flour impairs the gluten matrix and weakened the structure of the noodles (Ritthiruangdej et al., 2011) . The results were consistent with the study suggested by Foo et al. (2011) where the tensile strength yellow alkaline noodles decreased with the increase substitution of the banana flours.
The results of texture profile analysis (TPA) of five formulations are presented in Table. There were significant difference (p<0.05) in the hardness, adhesiveness, cohesiveness, springiness and chewiness of the each formulation. The study found that the hardness of the noodles increased with the increased of the wheat flour replacement from 26.00N to 43.05N. The main reason contribute to the increase in the hardness is increased protein content and decreased water uptake (Hou, produced, the increased adhesiveness of the instant noodles with more addition of composite flour with the value -0.18g•sec to -0.10 g•sec. This is caused by the water absorption ability of different ingredients. Less water utilized in making pre-gelatinization of the flour will produce more adhesive noodles according to previous studies (Miyazaki et al., 2004) . Okara which has content more water because of strong water absorption capability owing to high dietary fiber results in less water absorbed during cooking process of the instant noodles.
Apart from that, the cohesiveness of the instant noodles decreased from 0.83 (control instant noodles), to 0.47 (F6). The blend of okara and chickpea flours cause the noodles to have less gluten content and result in less formation of strong cross-link of glutenin and gliadin within the molecules. As a result, the reduced cohesiveness causes the noodles with more chickpea and okara flours can be separated apart compared to control. Besides, the springiness of the instant noodles decreased from control to Hardne ss (N) 1 F6 which the incorporation of the chickpea and okara flour increased. Both chickpea and okara are gluten-free ingredients (Minarro et al., 2012) . Thus, the gluten diluting effect will reduces the springiness of the instant noodles. Furthermore, chewiness of the instant noodles also decreased from control to F6 from 1.04mm to 0.56mm. It relies primarily on hardness rather than cohesiveness and springiness. The chewiness is inversely proportional to the hardness of the product (Bourne, 2002) .
C. Cooking qualities of the best and control instant
noodles F3 which comprised of 75% of wheat flour, 12.5% of chickpea flours and 12.5% of okara flours was selected as the best formulation due to highest mean rank in nearly all the sensory attributes among the panellists and satisfactory results in physicochemical tests. The cooking qualities of the best and control instant noodles in terms of optimal cooking time, cooking yield, rehydration and cooking loss. Additionally, according to Park and Baik (2004) , higher protein content leaded to longer optimum cooking time and F3 had higher protein content by virtue of chickpea and okara flours incorporation. The more proteins which surround the starch granules cause them to swell and gelatinize slower. The cooking yield of F3 also significantly higher than control (p<0.05), 219.58 ± 0.80% as compared to 203.10 ± 1.61% due to higher ash content of flour proved to have relation for the cooking gain rate during cooking process (Polesi et al., 2011; Jankowiak et al., 2014) . Moreover, the higher amylose content of the chickpea and okara blended flour results in higher level of amylose network swelling during the boiling process of instant noodles.
Rehydration rate of F3 is lower than control, 97.22 ± 0.20% and 98.35 ± 1.90% respectively. The external and internal porous structures will influence the rehydration rate of the noodles (Gulia et al., 2014) . The firmer structure of F3 attributed to higher protein content as compared to control hinders the rehydration rate and thus, the rehydration rate is lower in F3. Moreover, the cooking losses of F3 also significantly more than control (p<0.05) which is 0.04 ± 0.01% as compared to 0.03 ± 0.01% of control. Based on the result gained, the cooking quality of the control is better than F3 due to lesser cooking loss. The result might be explained by the unique capability of the wheat flour to form gluten matrix upon the mixture with water and therefore hold the noodles together (Torres et al., 2007; Jayasena et al., 2010; Aydin and Gocmen, 2011). Furthermore, the addition of okara flours into the instant noodles rose up the cooking loss due to the gluten cannot hold too much of the dietary fiber particles and result in some fibre dissolved in water during the cooking process (Lu et al., 2013) .
D. Nutrient Composition of the Best Mango Seed Kernel
Instant Noodles  Proximate Composition
The proximate composition comprised of moisture content, ash content, protein content, crude fat content, crude fibre content and total carbohydrates were performed for control and F3. There were significant difference (p<0.05) between all the nutrient compositions of control and F3.
As for the moisture content of the instant noodles, F3 had higher moisture content, 3.51 ± 0.78% than control 1.54 ± 0.14%. The result is consistent with the data obtained in study by Dewi (2011) where higher moisture content was examined in the samples as compared to control. The oil absorption ability of the control is better than F3 attributed to the lower protein content (Jayasena et al., 2010) . This causes the reduced moisture content and increased fat content of the control as compared to F3. Moreover, the ash content of control and F3 differ significantly (p<0.05) with more ash content in F3, 1.76 ± 0.12% as compared to 1.06 ± 0.46% in control. Chickpea provides various minerals according to Jukanti et al. (2012) . Iron is the mineral with the highest concentration in chickpea. Furthermore, the boiling process also did not affect much on the concentration of the macro-elements like calcium, magnesium and micro-element like iron and zinc in mg/100g dry weight basis according to Alajaji and El-Adawy The crude fiber content of F3 is significantly higher (p<0.05) than control, which are 2.49 ± 0.04% as compared to 0.61 ± 0.31%. This result matches with the study by Kaur et al. (2013) whereby the replacement of wheat flour with okara flour increased the crude fiber of the pasta. Okara is a great source of fiber . Besides, chickpea also composed of high content of fiber according to the previous study by Khan et al. (2007) . The total carbohydrates of F3, 53.87 ± 0.57% is significantly less (p<0.05) than control, 63.75 ± 0.96% as illustrated in Table 6 . The reason of the lower content of carbohydrates of F3 compared to control due to the increased of other nutritional compositions of F3 and the total carbohydrates was calculated by differences. Since the carbohydrates content of the wheat flour is high, hence there is necessity to substitute with okara flour which contains low carbohydrate content and high in other nutrients.
 Energy Content and Total Dietary Fibre
The energy content determination depends on the food components that provide energy like protein, fat, dietary fiber, carbohydrates. The energy content of the control and F3 differ significantly (p<0.05) with more energy content in control, 498.40kcal than F3, 453.27kcal with reduction of 9.05% as compared to control sample. The main contributor to the significant difference between the energy content of control and F3 is significantly higher crude fat content and carbohydrates analysed. On the other hand, the significantly higher (p<0.05) dietary fiber content in F3, 10.05 g/100g can be observed in Table  6 , as compared with 2.31 g/100g in control. Besides, the result is in agreement with the finding by Kumar and Prabhasankar (2015) whereby the dietary fiber content in terms of soluble dietary fiber and insoluble dietary fiber of the instant noodles increased with the addition of pea flour which is also one of the legume flours like chickpea flour. The dietary content of chickpea is 18-22 g per 100 g and it is regarded as pulses that contain high level of dietary fiber. Besides, the okara is rich in cellulose which is the insoluble fiber that can helps in the fermentation of the microbes in large intestine. The dietary fiber of the okara is as much as twice of the soybean as suggested by Recundo-Cuenca et al. (2008) .
E. Accelerated Shelf Life Quality of the Instant Noodles
Accelerated shelf life study consists of the examination of water activity, physicochemical properties namely texture profile analysis, colour profile, tensile strength and pH, microbiological test and sensory properties were conducted.
 Water activity of Stored Instant Noodles
The water activity of the stored instant noodles had been evaluated every month using the water activity meter and the results are presented in Figure  2 . From Figure 2 , the increasing trend of water activity can be observed over the eight months of storage period from 0.243 to 0.396. There was significant difference (p<0.05) for every month starting sixth month. In contrast with the earlier studies with the water activity of 0.50, the water activity of the instant noodles was 0.243 in the first month. The possible explanation for this result is because of the elevated storage temperature which was 45 + 2 . Syamaladevi et al. (2016) suggested that the significant reduction of water activity occurred when the increase in temperature particularly with the fat-rich products and this may be attributed to the elevation of the solubility of the non-polar solids such as fat in water at higher temperature. Besides, the gradual increase of the water activity along the storage period from the first month to fifth month can be observed. The sharp increase of water activity may be related to the appreciably increase in the moisture content. F3 contains considerably high fat and it leads to the rapid moisture absorption from the environment (Chowdhury et al., 2011) . 
 Physicochemical Tests
Physicochemical tests were subjected to the stored instant noodles over eight months and the quality of the noodles was evaluated in terms of pH, colour and also texture. The pH of the instant noodles was examined every month during the storage period and the results were presented in Figure 3 . Figure 3 , the decreasing trend of pH can be seen from 6.28 to 5.82 with significant difference (p<0.05) for almost every two months. The noodles shifted to more acidic over the storage period. This may be explained by the activity of the microorganisms. F3 is rich in carbohydrates, proteins and fats. Besides fats as a source of energy, amino acids also provides nitrogen and energy to be utilized by the microorganisms and therefore induce the production of acids and decrease the pH of the noodles.
The effect of the storage on the colour change of the instant noodles was observed and Figure 4 , 5 and 6 provide the results obtained from the colour profile analysis using HunterLab. The trend of decreasing brightness, increasing redness, and increasing yellowness can be seen along the eight months of storage. The brightness of the noodles decreased from 75.46 to 66.56. The results seem to be consistent with the finding reported by Li et al. (2017) and Asenstorfer et al. (2009) , whereby the noodles surface was turn to darker observed during the storage of period. The possible explanation is the presence of polyphenol oxidase (PPO) as one of the causes to the reduced brightness of the noodles (Asenstorfer et al., 2014) . The quinone products of the PPO from the previous reaction will react with several functional groups like phenolic, amines and others. Chickpea and okara composite flour which is abundant with phenolic compounds form complex coloured products, melanins over the storage period (Fuerst et al., 2006) . The stored instant noodles were evaluated in terms of tensile strength every month over eight months of accelerated shelf life study. Figure 7 depicts the tensile strength of the instant noodles in g. Based on Figure 7 , the tensile strength of the noodles decreased from 22.05 to 16.86 and interestingly, the tensile strength of the noodles possessed significant difference (p<0.05) every month starting from second month. The results were in agreement with the finding of Thomas et al. (2014) where the rice noodles reduced its tensile strength significantly after undergone storage. The amylose content is said to have effect on the strength of the noodles. The aging process during storage leads to the decrease of the amylose content in the noodles and cause the reduction of the tensile strength due to the amylose content is directly proportional to the the tensile strength (Fari et al., 2011; Guo et al., 2003) .
The texture properties of the noodles experienced changes along eight months of storage period. The results of textural properties were summarized in Table 4 . The trend of hardness of the noodles increased across the storage period with notable differences (p<0.05) in seventh month to eighth month. The hardness of the noodles was 51.75 N in the first month and it increased to 57.35 N at the eighth month. Starch retrogradation is one of the factors limiting the shelf life of noodles according to Owens (2001) . The process of starch retrogradation occurred continually along the storage period and thus, the hardness also rose gradually. Besides, the adhesiveness of the noodles showed not much significant difference (p>0.05) with nearly all the adhesiveness values of the noodles were in the same group except for the last month of storage. The pH of the noodles dropped every month and this causes the adhesiveness of the noodles to boost. In addition, there were significant changes (p<0.05) in the cohesiveness of the noodles. The storage period affects the gluten proteins as significant depolymerisation will occurs during storage and the fractions from the depolymerisation will be more soluble in water and segregated during the cooking of noodles (SilvasGarcia et al., 2014). On the other hand, the springiness of the noodles decreased substantially (p<0.05) from first month to the last month of the accelerated shelf life study except for the fifth and sixth month. In addition, the trend of the noodles's chewiness resembles the springiness with significant difference (p<0.05) in all months starting from 22.06 N•mm to 6.26 N•mm except for the fifth and sixth month. The trend of both springiness and chewiness may be attributed to the breaking down of the gluten network and leads to the leaching of the starch to the cooking water as reported by Sozer et al. (2007) .
 Microbiological Tests
The results of the presence of microorganisms over eight months of accelerated shelf life study were summarized in Table 5 illustrates that the the growth of yeast and mold was absent in month 1 as compared to number of bacteria. Moreover, the growth of the bacteria was faster than the yeasts and molds along the storage period by looking at the number of colonies by the end of the storage with the increase by 10-fold every two month. On the contrary, the growth of the yeasts and molds remained plateau up to fourth month and surged in the fifth month until the last month of the storage period. The slower growth of the yeasts and molds as compared to the bacteria may be explained by the suitable water activity of their growth is around 0.7-0.88. The water acitivity at the beginning of the storage period was very low and thus inhibited the growth of yeast and molds. On the other hand, there were some bacteria which can survive or tolerate in extremely low water activity and low pH like acidophiles and osmophilic bacteria (Wood, 2015) . 3.83 *1 log increase is equivalent to 10-fold increase in CFU/g.
In overall, the instant noodles are safe to be consumed after stored for eight months. The colony number of bacteria, yeast and molds of the raw instant noodles did not exceed the deterioration threshold limit or the cutoff point of spoiled and unspoiled food, 10 6 CFU/g (Li et al., 2011; Ghaffar et al., 2009; Lacroix et al., 2004) . The combination of the factors like pH and water activity has the hurdle effect in generating the shelf stable product.
 Sensory Evaluation: Paired T-test
The results of the sensory evaluation along the storage period were presented in Figure 8 . In terms of taste attribute, the mean rank was not markedly different between months up to sixth month with the decreasing trend from 218.23 to 63.55. Due to considerably high mean rank of the taste attribute, there is high possibility that F3 is free from the problem of lipid hydrolysis. Other than that, the aroma of the noodles experienced the decrement from 223.96 in the first month and obtained the mean rank of 43.90 at the end of the storage period. Similar to taste attribute, the aroma of the noodles did not differ much between months until fifth month. The loss of aroma may be because of the volatile compounds penetrated out of the packaging materials and result in the reduced perception of the quality. For the attribute of colour, the mean rank decreased from 226.00 to 66.00 with not much significant difference (p>0.05) between months up to fifth month. Compared with the mean rank of other attributes, the panellists were still satisfied with the colour of the stored noodles. of storage (Chowdhury et al., 2011) . Other than that, the mean rank of texture attribute was 66.50 at the end of the accelerated shelf life study with the decreasing trend along the storage period. The mean rank of texture differed markedly (p<0.05) starting from seventh month. The results were consistent with the instrumental measurements where TPA and tensile strength tests depicted that the textural properties of the noodles deteriorated over the storage period and showed significant differences (p<0.05) from sixth month. Besides, for the overall acceptance of the noodles for the paired ttest, it gained the highest mean rank which was 81.69 although the downtrend of the mean score can be observed. The score of the overall acceptance is profound as it evaluates the quality of the noodles from various aspects and indicates the palatability of the stored noodles. Thus, it can be concluded that the quality of the instant noodles are preserved not only in terms of safety aspect but also the sensory quality at the end of the storage study. Chickpea and okara composite flour instant noodles F3 which comprised of 75% wheat flour, 12.5% of chickpea and okara flours respectively was chosen the best formulation. The physicochemical properties showed that F3 as the best characters with higher cooking yield, longer optimal cooking time, lower rehydration rate and higher cooking loss than the control. It also contains higher dietary fibre (10.05g/100g) and increases the ash, protein, crude fiber but reduced it crude fat and energy (9.05%) and it quality also satisfied throughout the eight months period of storage.
